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Dascription of Originai Bridge

The Chipg-Han railway bridge over the Yellov River was constructed 50 years
880 a8 a semipermanent strveiure. Originally tke bridge vas 3,010 meters long
axd had 102 spans, During the Sino-Japanese war it was destroyed and later
Tepaired by the Japanese who filled in 80114 one Span at each end of the bridge.
It now has 100 spane ana ig 2,942.6 meters long., Strustures used in this bridge
Are of three types:

1. Japaneae nilitary bridge material uged for B6 spana, of whickh 34 spans
are 32 meters long, with five lengitudinal beams (or-truss girders) each, double-
frame deck type 5 and 52 spans are 21.5 meters long, with three longitudinal
beams (or truss girders) each, double-frame deck type.

2. Pratt-type semithrough single frame trusses used for 11 spans, each
31.5 meters long. These are the only original material of the 0ld bridge still
in use,

3. Three spans of the Warren-type semithrough trusses » each 31.5 maters
long. These were brought here from some other place,

The piers for the entiras bridge are of special construction. Each Pler is
constracted of from four to six threaded steel piles screwed into the bed of the
river, with a frams on top {0 support the trusses. As the result of battle -
damage, the whole bridge was defective to such an extent that prior to liber-
ation it was generally congidered that it could no longer be used. Ameriean
engineers were called in to design an entirely new bridge, and the 0ld one was
allowed to sink inte a condition of extreme neglect. When the bridge was used
ty the Japanese and by the Nationalists in the postwar period, the trains had
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to be divided into two sections and dravn across the bridge by small locomotives
a8t a speed of not more than 5 kilometers per hour. Although the distance be.
tween the two stations on either side of the bridge wvas only 5 kilometers, it
required 3 hours for an entire train to make the crosaing. This was the con-
dition of the bridge up to the time of liberation in 1949,

Opinion of Soviet Experts on Strengthening Bridge

In November 1949, the bridge was inspected by a commission of Soviet
engineers headed by Chikorenko _[Epproximtion from the Chinesg . They stated
that provided the bridge was repaired, strengthened, and carefully mainteined,
it would be poseible not only to extknd the period of usage but also to ine-

crease the safe speed of trains and to usee heavy locomstives., Their recom-
mendations consisted of two parts;

1. Fecondition the existing structures and accessories, 234 gueard rails,
and use two small locomotives » separated by two empty cars, to draw a vhola
train at a speed of 15 kilometers per howr, These measures were taken by the
Cheng-chou Railway Pureau and the bridge was put into use from 4 January 1951
with good resuwlts, i.e., the time required for & train to ¢ross vas reduced to
one eighth that previouely required.

2., Dismember some parts of the bridge trusses and test their strength
to calculate the carrving zapacity of the trusses of which trey vere a part,
and then 0 strengthen the trusses with additional material until it was
certain that they could safely carry heavy locomotives. The commission was
of the opinion that after such strengthening, 1t would be possidle to prolong
the useful 1life of the bridge, and that in view of the present financial and
material conditione in China, 1t was advieable to continue to use the old bridge
as long ag possible and not to try to build a pew bridge.

Plans for Reinforcement

The Minietry of Railways sent thelr strustural engineers, Xu Mao-haun and
tvo associates, to the bridge site to work out with the Soviet advisors rein-
forcement and rehabilitatioxn pians. Thedr specific obJective was to strengthen
the trusses to the point where they could safely rarry heavy locomotives of the

Mogul VI type.

Specimens of members from all three types of trusses were tested as to
atrength, and oz the besis of these tests and in the light of the Soviet
advigor's experience with structurai steel, the unit working stress factor was
raiged. The strength of the steel in the Japanese military bridge material was
put at 2,000 kilogrems per square centimeter, Test of the steel in the 11 old i
spans showed it to be cot very goed; but in order to use it, its mavimum stremgth
vag put at 1,400 kilograms per square centimeter, On thie basis the strength
of all the spans was calculated with the following results:

1. Of the 32-meter long trusses, the weakest was classified as having a
rating of C 6.2.

2, Of the 21.5-meter long trusses, the weakest was clagsified os having a
rating of C 9.9,

3. Of the 1l1-0l1d trusees, the weakest was classified as having a rating of
¢ 11,

4, Of the three Warren.type trusses, the weakXest was classified as having
a rating of £ 17.
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The method of reinforcing decided upon was as follows:

Since a bridge should be
locomotive, the Werren-type 4
®ment. The 11 spang of the se

each of their upper and lower cho:
mllimeters wige,

Concerning the Japanese military trusses of the first type, 1t was notea
that the upper frame (A) restea upon, but vas separate from, the lover frame (8),
both being of the same height, Also, 1t was noted that the upper chords of the
vpper frame, AU, had ome more steel plate than the lower chords, AL; and that
the lower chords, BL, of the lower frame had one more ateel plate than the upper
chords, BU. In other words,

: the chords AU and BL consisted of a channel and a
Plate rivetted together {see rppended figures),

The 3Z.meter vapanese Dilitary.type trusses are made up of nine panels, each
3 meters long, Plus two panels {oze a* each end, adjaceat to the piers) each 2.5
meters long.

It was then observed that if chorda AL and BY, which are in Juxtaposition
with each other, were bolted or rivetted together with a sufficient number and
strength of bolts or Tivets 80 that the UPPEr and lower frames functioned, as a
8ingle truss, then the Ghords which are bolted together would not be subJjected
to any pending stresses, for the bendirg stresser won'a te carried vholly by
AT and BL,

Now let M, represent the resistance [fo bending/ moment of the two wn.
connected frames and Hl 2e the resistapce moment of the tws frames when
connected. Also, lst § be the Ares of crope section of the chords AU and
BL, that 1s, those wity the additional steel Plates, and s be the ares of
Cross sextion of the chorde AL ana BY, those without +he extra plates. let
£ Ye the unit stress, ani 4 de the height of a single frame, Then

Meuexrxd+sxfxd= e x 2f4

M =S xfx2d . S x 274
Y

8 is marifently greater +var 5. Hence M, e greater than :Et Thus, by
uniting the upper and lover frames, ana withcitt additional stre hening material
their Joint moment of resistance 1s &reatly increesed, and the loed rating for
the 32.meter Spans could be raised from ¢ 6.2 to ¢ 13.3; and that of the spans
2.5 meters long =ould he ralsed from © 9.9 to ¢ 14,2, Thus, Mogul VI loco-
motives could he wsed op them. As to the pumber &nd size of bolts to be uged

to join each pair of chorde, this wag calzulated by using 8 simple formula
relating to uhearing force,

Work of Rehabilitation

Avart from the work o? stre:gthenlng the 11 cld spans and ot atiffening
the military trusses explained above, there vere several other matters that had
to be attended to, Some cross brazes lateral braces had to be added to
counteract wind pressure and locomotive Bvaying. All the old ties were replaced
with nev craogoted ties, A1l +the old rails wvere replaced with new rails manu.
factured in the OS8R, All the steel work was give

1 three coats of paint. All
demaged members of the Lilitary trusses were replaced by perfect
damaged membe- & I the 11 old epans were eithar re
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The actual repafr work vas begun 15 May 1950, and 1t vas expected to finish
1t by the ena of Beptenber 1950, The greatest difficulty encountered was the
necessity of maintaining rallvay service while the work was going on. Service
was diascontinued for only 2 hours at a time, morning and afternoon. In spite
of all difficulties, the work was completed 18 September 1950, 12 days ahead of
aschedule,

When tested with a Mogul VI locomotive, the greatest deflection of the
Warren-type trusses was only 17 millimeters; and of the 13 Pratt-type trusses,
27 millimeters s which 1s less than 1/1000 of the length of the spans. In the
case of the 32.meter nilitary spans » which before strengthening were deflected
TO millimeters when a small locomotive was used, after strengthening, the heavy
Mogul VI caused a deflection of only 55 millimeters is about 1/600 of ‘the length
of the span., The military trusses being of special construction, where esch 3
meter section 1s bolted to its neighboring sectlion, the permissible deflection,
even under ideal conditione, 1s greater than for ordinary trusses ) and may be
as much ag 1/‘4»00 of the length of tha truss. Thus from the standpoint of de-
Tlection, these latter trusces are now much stronger than before,

Value of this Experience

With the help of the technical experience of the USSR advisers, this old,
many times damaged, bridge has been restored to its former usefulness. Since
its construction in 1906, it never carried locomotives as heavy as the Mogul VI
locomotives, veighing 146 metric tons, which 1t 18 now able to carry. It has
now been in use for 3 months » and the Cheng.-chou Railway Bureau reports that
1% 1s giving good service, Irains may now pass between Cheng.chou and Hsin-
hsiang without stopping to change to small locomotives for the crossing of the
Yellow River bridge. This saves one bour's time, and dispenses with five small
locomotives.

/Appended figures follov:]
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A <—Upper frame

v Al '——_—*] <~ Channels 150 x 75 x 6.5
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BM Jq_.Channels 150 x 75 x 6.5
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X ""_'[I <—Channels 150 x 75 x 6.5
JL NS lates 100 x 9

Figure 1. Cross Section of Ons Lo
ngitudinal Beam (Truss Girder) of U
Lower Frames of the Japanege Military-Type Bridge Spans (of which ﬁ::emd
are five or three such beams in each frame)
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Figure 2. Design of Bracing of Longitudinal Beams (Truss Girders)
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